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Defects and impurities are generally the key material properties that govern the quality and useful lifetime of optical components. Progress in materials synthesis has advanced so that today, for high power laser applications such as the National Ignition Facility (NIF), laser induced damage is typically initiated at the site of sub-micron defects. For example, in laser glass and non-linear optical crystals such as KDP, bulk damage occurs when sub-micron metal inclusion particles absorb laser energy, leading to local heating and eventually material breakdown. It is clear that continued progress in optical materials synthesis is inextricably connected with the need for a detailed understanding of the morphology and composition of the sub-micron darnage nucleation sites and the associated damage mechanisms. In this project, we have developed near-field scanning optical microscopy (NSOM) as a tool to optically characterize materials at a spatial resolution of about one order of magnitude better than conventional optical microscopy. Optical microscopy was the first and thus best understood microscopy, and a large number of contrast and spectroscopy techniques have been developed over the years. NSOM is the logical continuation of optical microscopy to the nanometer scale. NSOM combines scanning probe and optical fiber technologies, and simultaneously provides optical (e.g., spectroscopic properties) and topographic information with typically about 50 nm resolution. This project has resulted in the development of two NSOM instruments, which have been used to perform research on the characterization of surface and subsurface defects in optical materials developed for NIF projects, including fused silica lenses and windows, KDP crystals and color-separation gratings. This research was directly addressed to laserinduced damage in optical materials, which is initiated by a local variation in optical properties at the sub-micron scale. bur wurK was fbcused on the detection of the local laser IICIU associateu with sub-micron size defects, using evanescent wave NSOM techniques. 25 years ago, N. Bloembergen proposed that defects such as steet, wells and nits on the surface of optical elements produced during polishing C I-e& th SI sed in high-power I lead m a nduced damage. In NSUM, the detecnon of the local laser Uelcl IS acmeved by measwrng the near-Deld evanescent wave of a totally internally reflected laser beam at the sample surface. The near-field evanescent wave signal, as collected by NSOM fiber probes, is proportional to the intensity of the electrical field at t ;we 1 : images for samples of fused silica, a grating and
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I I I I~~C 15 UIC Cvanescem WWG l Y 3 u l v l IIlldgC:. Images (a) show the topography and local laser intensity of surface damage sites on fused silica. The high intensity in the NSOM image is associated with a surface crack generated during laser irradiation. Subsequent in-situ laser damage was observed to be spatially correlated w i t h the high local laser intensity observed by NSOM. This demonstrates that the local field-enhancement mechanism is important for predicting the growth of laser-induced damage on fused silica. Images (b) show the local field enhancement for an optical grating from the LLNL diffractive optics group. In the NSOM image, the high intensity regions are associated with the edge of the grating line structure, as seen in the topographic image. This measurement provides a fundamental understanding for the cause of laser damage and a quantitative analysis of field-enhancement associated with grating structures. Images (c) show etch pits on a KDP crystal surface afler coating with a 70 nm sol-gel anti-reflection coating. The left image shows the flat surface of the sol-gel coating. The right image shows the optical image of the etch pits, which occur at the interface between the sol-gel coating and the KDP crystal. Such etch pits are significant scattering sites and have to be avoided in high-power laser applications. NSOM provides us with a tool to study the initiation and growth of such sub-surface pits on the nanometer scale and will help us to develop recipes on how to avoid them.
These results show that NSOM provides a unique non-destructive method for sub-surface detection of defects. During the final phase of this project we also developed an integrated NSOWconfocal microscopy system with the sensitivity to detect fluorescence from single molecules and to study their properties spectroscopically. This capability opens new avenues for detecting chemical and biological species at the molecular levels.
In summary, we have developed a new metrology to detect defects in optical materials with a resolution that surpasses the diffraction limit of light. We have successfully measured the growth of laser-induced damage in fused silica due to local field-enhancement, local laser intensity variations at the structures of optical gratings and identified etch pits in KDP crystals caused by sol-gel coatings. Thus, NSOM technology provides an optical method to identify and characterize nano-scale materials properties with high developments at LLNL. significance for both scientific research and programmatic 
